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A light-receiving circuit capable of compensating a temperature dependence 
of an optical sensitivity of a photodiode 

BACKGROUND OF THE INVENTION 
5 [000 1] 1 . Field of the Invention 

[0002] This invention relates to a Ught-receiving circuit that enables to 
compensate a temperature dependence of an optical sensitivity of a photodiode. 
[0003] 2. Related Prior Art 

[0004] An avalanche photodiode (APD) has a superior optical sensitivity and can 
10 respond to high frequencies, therefore, the APD may be used in a Hght-receiving 
module of an optical communication system. On the other hand, the APD shows a 
temperature dependence in its multipHcation factor and, accordingly, affects 
quality of the optical and the electrical signal in the optical communication 
system. Particidarly in the high-speed optical communication over 10 Gbps, such 
15 less quality causes transmission errors of the optical signal. The light-receiving 
circuit using the APD, therefore, a function of temperature compensation should 
be taken into account. 

[0005] Various techniques to compensate the temperature dependence of the 
APD are reported. For example, Japanese patent pubUshed by 989-215140 has 
20 disclosed that the bias voltage supplied to the APD is adjusted by a transistor 
having a temperature dependence capable of compensating that of the APD. 
Another technique is shown in FIG. 1 that the bias voltage is corrected based on 
the temperature dependence of the thermistor. 

[0006] Japanese patent pubUshed by 1999*205249 has disclosed a technique that 
25 the bias voltage is adjusted by the collector current of the transistor, the base of 
which is connected to the temperature sensor having an optional temperature co- 



2 

efficient. The temperature sensor varies the base current so that the collector 
current thereof is changed. 

[0007] However, a compensation circuit using the transistor or the thermistor is 
hard to adequately compensate the APD because such active devices show non* 
5 linear temperature dependence while the APD has liner temperatvire 

dependence. The optical bias voltage, at which the APD shows an optimal 
multiplication factor to a predetermined optical magnitude, is denoted by a hnear 
function to the temperature T. 

[0008] Moreover, the APD as one kind of semiconductor devices intrinsically has 
10 a scattered characteristic. For example, the APD applied in the optical 
communication system having 10 Gbps speed has nearly 10 % scattered 
temperature dependence in its optical sensitivity. For such APD, adjusting the 
bias voltage so as to obtain an optical sensitivity affects the temperature 
dependence of the APD. The optimal sensitivity defined by the bias voltage 
15 applied thereto and the temperature dependence are preferably adjusted 
independently. 

[0009] One object of the present invention is to provide a light-receiving circuit 
for the APD that solves aforementioned subjects, namely, the temperature 
dependence and the optimal bias voltage of the APD are independently 

20 compensated. 

SUMMARY OF THE IN VENTION 

[0010] According to one aspect of the present invention, a light-receiving circuit 
including a hght-receiving device comprises a bias supply circuit, a voltage 
25 divider and a temperature compensation circuit. The light-receiving device is 
preferably an avalanche photodiode. The bias supply circuits outputs a bias 
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voltage to the avalanche photodiode. The voltage divider, which has a division 
ratio, receives the biag voltage output from the bias supply circuit, divides the 
bias voltage based on the division ratio thereof and feeds the divided voltage back 
to the bias supply circuit. The temperature compensation circuit adjusts the 
5 division ration of the voltage divider such that the bias voltage compensates, 
preferably as a linear function to temperatures, the temperature dependence of 
the avalanche photodiode. 

[001 1] The temperature compensation circuit may include a differential 
amplifier operating in an inverting mode, a coupUng resistor and a temperature* 

10 sensing resistor. The coupUng resistor couples the output of the differential 

amplifier to the input of the bias supply circmt. The temperature -sensing resistor, 
which senses the temperature of the avalanche photodiode, connects the 
inverting input of the differential amplifier to the output thereof, namely, the 
temperature -sensing resistor is connected as a feedback element of the 

15 differential amplifier. The differential amplifier may be an operational amplifier. 
[0012] In a aforementioned configuration, the temperature sensing resistor may 
have a positive temperature co-efficient, especially greater than 1000 ppm/*C, for 
compensating the temperature dependence of the avalanche photodiode, 
[0013] The temperature compensation circuit may further include a first and a 

20 second input, and a resistor. The first input couples to the inverting input of the 
differential ampUfier via the resistor, and the second input couples to the non- 
inverting input of the differential amplifier. The first signal, which determines 
the magnitude of the bias voltage, is inputted to the first input, and the second 
signal, which compensates the temperature dependence of the avalanche 

25 photodiode, is inputted to the second input superposed with first signal. 

[00 14] Another configuration of the present invention, the light-receiving circuit 
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further includes a thermistor and a microprocessor. The thermistor monitors the 
temperature of the avalanche photodiode, and outputs an electrical signal 
corresponding to the temperature thereof. The microprocessor receives the 
electrical signal output from the thermistor and outputs the first and the second 
5 signal to the temperature compensation circuit. 

RRTEF DESCRIPTION OF DRAWINGS 

[0015] FIG. 1 is an example of prior light-receiving circuit in which a function of 
the temperature compensation is realized; 
10 [0016] FIG. 2 is a light-receiving circuit according to the first embodiment of the 
present invention; 

[0017] FIG. 3 shows a relation between the optical input power and the bias 
voltage, at which the multipUcation factor of the APD becomes an optimal value, 
at ox:, 25t: and 50t:; 
15 [0018] FIG. 4 is a light-receiving circuit according to the second embodiment of 
the present invention; 

[0019] FIG. 5 is an optical communication system according to the third 
embodiment of the present invention. 

20 DETAILE DESCRIPTION OF PREFERRED EMBODIMENTS 

[0020] Next, a fight-receiving circuit and an optical communication system 
according to the present invention will be described as referring to accompany 
drawings. In the description and drawings, the same elements will be referred by 
the same numerals or symbols without overlapping explanations. 

25 

[002 1] (First embodiment) 



5 



[0022] FIG. 2 is a light-receiving circuit A according to the first embodiment. 
The light- receiving circuit A includes a light-receiving device 7 such as an 
avalanche photodiode (APD), a bias supply circuit 2, a temperature compensation 
circuit 1 and a voltage divider 4. The APD 7 generates a photo current Im 
5 corresponding to magnitude of the light received thereby. Magnitude of the photo 
current to that of the received light is determined by the bias voltage supphed to 
the APD 7. 

[0023] The temperature compensation circuit 1 will be described in its 
configuration and the operation. The temperature compensation circuit 1 includes 

10 a differential amplifier 11 such as an operational amplifier, a temperature- 
sensing resistor Rth, a plurality of resistors R4 to Re, a first inpuINl, and a 
second inpuIN2. The differential amplifier 11 operates as an inverting mode, in 
which a resistive element is connected between the inverting input and the 
output thereof and a signal is inputted to the inverting input. The resistive 

15 element in the present embodiment is the temperatiu-e-sensing resistor Rth, the 
resistance of which has a linear dependence on the temperature that is denoted 
by: 

RrH= Bsd + aiT- To)) [O] -(1) 

Where, To is a reference temperature [*C], T is a practical temperature [*C], R5 is 
20 resistance [Q] at the reference temperatxire To and a is a temperature coefficient 
of the temperature -sensing resistor Rth, respectively. 

[0024] In the present embodiment, the temperatvire -sensing resistor Rth having 
the temperature coefficient greater than 1000 [ppm/*C] is preferably used. For 
example, Panasonic ERAS15J103V with a slab shape is well known as the 
25 temperature-sensing resistor Rth. The temperature-sensing resistor Rth is 

disposed immediately close to the APD 7 in the housing to detect a temperature 
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ofthex\PD7. 

[0025] The non inverting input of the differential amphfier 11 is connected to 
the second input IN2 via the resistor Re, while the inverting input of the 
differential amplifier 11 is connected to the input INi via the resistor R5. The 
5 input IN2 is provided Vset, which defines the bias voltage when the APD 7 is 
under a predetermined temperature. The input INi is provided Vset+ Vslope, 
which adjusts the temperature dependence of the bias supply circuit. 
[0026] Assuming the input impedance of the differential amplifier 11 is large 
enough, the signal Vset applied to the INi is directly appeared in the non- 
10 inverting input of the differential amplifier 11. Another signal Vset + Vslope 
applied to the input IN2 is amplified in the inverting mode of differential 
amplifier 11 by the resistor R5 and the temperature-sensing resistor Rth- 
Accordingly, the output Vcont of the differential amplifier 11 becomes; 
VcoNT ^ VssT' Vslope {Rth I •••(2) 
15 Inserting Eq. 1 into the temperature-sensing resistor Rth, the output Vcont 
becomes; 

VcoNT^ VsET' Vslope( 1 + 5(7^- To)) —(3) 

Thus, the output Vcont of the differential amplifier 11 has a linear dependence on 
the temperature, and the temperature dependence thereof can be adjusted by the 
20 signal Vslope. Moreover, by adjusting another signal Vset independently of the 
signal Vslope, the output Vcont of the differential amplifier 11, which corresponds 
to the output at the reference temperature To [*C], can be adjusted without 
affecting the temperature dependence of thereof. 

[0027] Next, the operation and the function of the bias supply circuit 2 will be 
25 described. The bias supply circuit 2 includes a DC-DC converter 3 and a ripple 
filer 5. The DC'DC converter includes an operational amplifier 31, a reference 
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signal generator 32, a comparator 33, a triangular wave generator 34, an n-type 
MOSFET 35 and a choke coil 37. A reference signal Vref [V] generated in the 
reference signal generator 32 is applied to the inverting input of the operational 
amplifier 31. A triangular wave generated by the triangular wave generator 34 is 
5 apphed to the non-inverting input of the comparator 33, while the output of the 
operational amphfier 31 is guided to the inverting input of the comparator 33. 
Accordingly, the comparator 33 outputs a positive level when the triangular wave 
is greater than the output of the operational amplifier 31, namely, the period of 
the positive output of the comparator is prolonged when the output of the 

10 operational amplifier 31 is low, on the other hand, the period thereof is shortened 
when the output of the operational amplifier 31 becomes high. 
[0028] The output of the comparator 33 is conducted to the gate of the MOSFET 
35, which operates as a chopper device. The source of the MOSFET 35 is 
grounded, while the drain is connected to the voltage source Vin via the choke coil 

15 37. When the output of the comparator 33 is high, the MOSFET 35 turns on and 
the drain current thereof flows fi-om the voltage source Vin to the ground. When 
the gate of the MOSFET 35 is positively biased to the source, the current flowing 
through the choke coil 37 gradually increase and simultaneously accumulates 
magnetic energy in the choke coil 37. Assuming inductance of the choke coil 37 is 

20 L [H], the magnetic energy accumulated in the choke coil 37 becomes Il^/2/L, 
when the current flowing through the choke coil 37 is II. This accumulated 
magnetic energy is released to the ripple filter 5 when the MOSFET is turned off, 
namely, during a period when the triangular wave is lower than the output of the 
operational amphfier 31. 

25 [0029] The ripple filter 5 includes a capacitor 51 and a diode 53. The anode of the 
diode 53 is connected to the choke coil. The ripple filter receives a low level signal 
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(YiN-L AIl/ At) [V] when the current flowing thorough the choke coil is increasing, 
and receives a high level signal Vin, namely, a constant current flowing through 
the choke coil when the drain current is shut off. Thus, the ripple filter 5 is 
applied an alternating signal synchronized with the signal appUed to the gate of 
5 the MOSFET. 

[0030] One terminal of the capacitor 51 is grounded, while the other terminal 
thereof is connected to the cathode of the diode 53 which is the output O of the 
bias supply circuit 2. The capacitor 51 functions to increase an electrical charge 
accumulated in the capacitor 51 when a high voltage is applied to the anode of 
10 the diode 53, and to release the charge accumulated in the capacitor 51 via the 
resistor R3 when a low signal is appUed to the diode 53, thereby maintaining the 
output of the bias supply circuit 2. The capacitance of the capacitor 51 is selected 
such that a ripple included in the output of the bias supply circuit 2 is to be 
reduced. 

15 [0031] The output of the bias supply circuit 2 is divided by the voltage divider 4, 
which includes resistors Ri and R2. The divided voltage is appeared in the node C. 
The node C and the node D of the bias supply circuit 2 is connected via the 
resistor R7. Therefore, the voltage divider 4 forms a feedback circuit that operates 
as those described below. When the level of the node C is lowered, which 

20 simultaneously lowering the level of the inverting input of the operational 

amplifier 31, a period, during which the MOSFET turns on and flows the drain 
current, is lengthened and the output of the bias supply circuit 2 rises, which also 
rises the level of the node C. Thus, the feedback operation is realized. 
[0032] The output of the temperature compensation circuit 1 is also connected to 

25 the node C via the coupling resistor R4. Next, an operation how the output Vqut 
can be adjusted by controlling the input of the temperature compensation circuit 



1 will be described. 

[0033] When the temperatiire increase and accordingly the resistance of the 
temperature -sensing resistor increase, the output Vcont of the temperature 
compensation circuit 1 decreases, which decreases the level of the node C and 
5 oppositely increases the output of the bias supply circuit 2. However, due to the 
feedback operation described above, the level of the node C and that of the non- 
inverting input of the operational amplifier 31 should be recovered to the 
reference voltage Vref- Assuming the change of the temperature compensation 
circuit 1 is A Vcont [V], the current flown through the resistors R2 and R4 is 
10 increased by AVcont/R4 [A]. Therefore, the output Vout of the bias supply circuit 

2 increases by AVcont/R4'R2 [V]. 

[0034] The output Vout of the bias supply circuit 2 becomes, when the non- 
inverting input of the operational amplifier 31 and the level of the node C 
recovers to Vref [V], 
15 VouT=(l-^ GR4I Ri) Vref- GVcont 

= (1+ 6^+ GR4I Ri) Vref' GVset+ GVslope(1^ a{ T- T^) 

^{{1+ G+ GR4I Ri) Vref' GVset+ GVslope) 

+ GVsLOPEai T- To). —(4) 
G^R2l R4^ 

20 [0035] Thus, the output Vout of the bias supply circuit is denoted as a hnear 

function of the temperature T. The second term of the above equation, GVslope a 
(T - To), has a linear dependence on the temperature T, and a product GVsloep a 
is the temperature co-eflELcient. Therefore, by changing Vslope, the temperatiure 
dependence of the output Vout of the bias supply circuit 1 can be adjusted. 

25 Further, the first term of the above equation, ((1 + G + GR4/R1) Vref " GVset + 

GVslope) defines Vout. Therefore, by changing Vset after setting Vslope, Vset can 
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be adjusted without affecting preset condition of Vslope. 

[0036] FIG. 3 shows a relation, under various temperatures of 0 *C, 25 *C and 
50 "C, of the optical magnitude inputted to the APD 7 to the bias voltage at which 
the APD 7 shows an optimal multiphcation factor. The optical multiphcation 
5 factor means that the bit error rate due to the APD 7 becomes the minimum. As 
shown in FIG. 3, the bias voltage at which the APD 7 shows the optimal 
multiplication factor is different in temperatxires. The bias voltage applied to the 
APD 7 shows a linear relation to the temperature. 

[0037] Generally, the temperature dependence of APDs is scattered in device to 
10 device. However, in the present embodiment, only adjusting the input of the 

temperatxire compensation circuit 1, the respective temperature dependence of 
APDs can be compensate. The bias voltage Vapd applied to the APD 7 is denoted 
by; 

Vapd^ Vout' Rsim [V] -(5) 

15 Therefore, the temperature dependence of the bias voltage Vapd is equal to that of 
the APD 7. Further, by adjusting Vset, the magnitude of the bias voltage Vapd 
can be set to the value at which the APD 7 shows the optimal mvdtiphcation 
factor without affecting the temperature dependence thereof. 

20 [0038] (Second Embodiment) 

[0039] FIG. 4 is a modified Ught-receiving circuit C according to the second 
embodiment of the present invention. The Ught-receiving circuit C includes a 
microprocessor 13 that operates as a controller and a thermistor 15 for 
generating a signal corresponding to a temperature of the APD 7. The 

25 microprocessor 13 controls the temperatvire dependence and the output of the 
bias supply circuit 2 by setting inputs to INi and IN2 via two digital-to-analog 
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converters DACi and DAC 2. These DACi and DAC2 may be installed within the 
microprocessor 13. The light-receiving circuit C is distinguished from the first 
light-receiving circuit A by the viewpoint of the existence of the digital-to-analog 
converters, but the other configurations are same as those in the first hght- 
5 receiving circuit A. 

[0040] The thermistor 15 is positioned immediately close to the APD 7 such that 
the thermistor 15 monitors the temperature of the APD 7 and outputs a signal 
corresponding to the temperature. The microprocessor 13, based on the signal 
output from the thermistor 13, provides the input Vset Vslope via the digital -to- 

10 analog converter DACi. Under the control by the microprocessor, when the 

temperature of the APD 7 is within a predetermined range, the signal Vslope is 
set to be a positive constant. However, the temperature of the APD 7 is output of 
the predetermined range, especially at high temperatures, the microprocessor 
sets the signal Vslope so as to be relatively small values, thereby protecting the 

15 APD 7 from the breakdown. 

[0041] (Third embodiment) 

[0042] FIG. 5 is a block diagram of an optical communication system D 
according to the third embodiment of the present invention. The optical 
20 communication system D includes an optical transmitter 81, an optical receiver 
83 and a repeater 9. The optical fiber 82 connects the optical transmitter 81 to the 
repeater 9, while another optical fiber 84 connects the optical repeater 9 to the 
optical receiver 83. 

[0043] The repeater 9 includes an optical receiving module 91, an optical 
25 transmitting modlile 93 and a signal-processing block 95. The optical receiving 
module 91 provides one of light receiving circuits aforesaid as embodiments of the 
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present invention, which has a bias supply circviit 913 and an APD 911. An 
optical signal Ps generated by the transmitter 81 transmits in the optical fiber 82 
and enters the APD 911 via the optical connector 915 provided in the optical 
repeater 9. The optical signal Ps thus received by the repeater 9 is converted to a 
corresponding electrical signal by the APD 911 and outputs fi:om the terminal 
917. The output electrical signal 917 is processed in the signal-processing block 
95 such that the distortion and noises included in the signal Ps are removed and 
thus processed signal is amplified. 

[0044] The optical transmitting module 93 includes a laser diode (LD) 931, an 
LD-driver, an optical modulator 933 for modulating hght output fi-om the LD 931 
and a modulation driver 934 for driving the optical modulator 933. The LD-driver 
provides a bias current to the LD 931. The signal output fi-om the processing 
block 95 is received by the modulation driver 934 via the terminal 937. The light 
emitted from the LD 931 is modulated to an optical signal P s, that corresponds to 
the original optical signal Ps, by the optical modulator 933 and enters the optical 
fiber 84 via the optical connector 935. The optical signal Fs, thus enters the 
optical fiber 84, is transmitted in the optical fiber 84, and finally received by the 
optical receiver 83. 

[0045] From the invention thus described, it will be obvious that the invention 
and its application may be varied in many ways. Such variations are not to be 
regarded as a departure firom the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art are intended for 
inclusion within the scope of the following claims. 



